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Abstract 
Many applications introduced by Vehicular Ad-Hoc Networks (VANETs), such as intelligent transportation and roadside 
advertisement, make VANETs become an important component of metropolitan area networks. In VANETs, mobile nodes are 
vehicles which are equipped with wireless antennas; and they can communicate with each other by wireless communication on 
ad-hoc mode or infrastructure mode. Clustering vehicles into different groups can introduce many advantages for VANETs as it 
can facilitate resource reuse and increase system capacity. The main contribution of our work is a new strategy for clustering a 
VANET and improvements in many classical clustering metrics. One of the main ideas is the definition of a new optimized 
selection metric for the clustering of vehicular nodes, in the framework of Next Generation Vehicular ad-hoc Network. These 
metrics should select clusterheads which provide safe clusters and avoid collisions with adjacent vehicle nodes and intend to 
create stable clusters by reducing reclustering overhead and prolonging cluster lifetime 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
In recent years, Vehicular Ad-Hoc Networks (VANETs) have presented an important field of research because 
they create many new applications such as dissemination of safety and traffic condition messages and control of 
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vehicle flow formations. The development and improvement of vehicular safety technologies can significantly 
reduce the accident rate and improve road safety. In a typical VANET, there are two types of wireless nodes, mobile 
units and roadside units1. Mobile units can be any kind of vehicles which are equipped with wireless antennas, such 
as buses, cars, trucks, etc. Roadside units are some fixed wireless nodes installed on the roadside, and these units can 
provide wireless connections to the Internet for mobile units1. Usually, roadside units are access points which are 
provided by Internet Service Providers (ISPs). As a result, there are two kinds of wireless communications in 
VANETs, vehicle to vehicle (V2V) communications and vehicle to infrastructure (V2I) communications. Using 
V2V communications, vehicles can communicate with other vehicles in ad-hoc mode; and vehicles can transmit 
emergency messages in this mode. Conversely, using V2I communications, vehicles can access the Internet and 
communicate with correspondent nodes through the Internet1,18. 
Clustering is a technique to group nodes into several clusters. Each node in the cluster structure plays one of three 
roles: Cluster Head (CH), Cluster Gateway (CG), and Cluster Member (CM)2.  The CH in a cluster plays the roles as 
coordinator and backbone. It is in charge of all the communications inside a cluster, managing medium access and 
allocating the resource to cluster members3. A CG is a border node of a cluster that can communicate nodes 
belonging to different clusters2.   
The clustering scheme has been well investigated in wireless ad-hoc networks in recent years. However, 
considering the characteristic of VANETs, such as high speed, sufficient energy and etc., the clustering schemes 
proposed for conventional wireless ad-hoc networks are not suitable for VANETs1. Therefore, clustering schemes 
for VANETs should be designed specifically1,18. 
 It is inevitable that the highly dynamic topology of VANETs will disturb cluster formation and re-organisation, 
increasing the cluster instability4,16,17.For example, vehicles change their speeds and lanes rapidly and frequently3. 
The high-mobility nature of VANETs will bring huge computation overheads to vehicles when they use highest-
degree algorithm to elect the CH. Therefore, a clustering algorithm must strive to maintain cluster stability and 
retain the cluster contents and structure for as long as possible, as otherwise, the frequent re-clustering processes 
will degrade the performance of communication4. The size of a cluster should be well controlled. In the case of a 
small cluster, the vehicle chosen as CH can rapidly leave the confines of the cluster, causing a recurrent algorithm of 
choosing new CH. In the case of a large cluster the vehicle chosen as CH stay there longer even though there might 
be another vehicle which could be more efficient as a CH. Therefore, it is of great importance that the cluster size 
should neither be too large nor too small. 
Multi-hop clustering algorithms proposed for VANET1 use the changes in the packet delivery delay to calculate 
the relative mobility between vehicles in multi-hop distance. However, calculating packet delivery delay requires 
very accurate synchronization among the vehicles, which is not feasible for such dynamic networks.  
In2, the authors have proposed a new clustering algorithm that considers both node position and node mobility in 
vehicular ad hoc environments. The proposed algorithm intends to create stable clusters by reducing reclustering 
overhead, prolonging cluster lifetime, and shortening the average distance between CHs and their cluster members. 
Most important, this algorithm supports single and multiple CHs. Simulation results show the superiority of the 
clustering algorithm over the other three well-known algorithms. Shortening average distance between CHs and 
their cluster members could generate collisions. Our contribution is to constraint this average distance. 
In4, the authors present a beacon-based clustering algorithm aimed at prolonging the cluster lifetime in VANETs. 
They use a new aggregate local mobility criterion to decide upon cluster re-organisation. The scheme incorporates a 
contention method to avoid triggering frequent re-organisations when two CHs encounter each other for a short 
period of time. However, nodes that have lost their cluster-head due to merging or mobility and cannot find nearby 
clusters to join, they will all become CHs almost at the same time. These nodes will take a period where they will 
decide as to who will be the new cluster-head. 
A novel user-oriented Fuzzy Logic-based k-hop distributed clustering scheme for VANETs that takes into 
consideration the vehicle passenger preferences is proposed in5. The novelty element introduced is the employment 
of Fuzzy Logic as a prominent player in the clustering scheme. 
In6, the authors propose a distributed clustering algorithm which forms stable clusters based on force directed 
algorithms. They propose a mobility metric based on forces applied between nodes according to their current and 
their future position and their relative mobility. The force applied between the vehicles reflects the ratio of 
divergence or convergence among them. 
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In1,4, the authors declare that the vehicle node which has the smallest aggregate mobility value is selected as the 
CH node; and other vehicle nodes work as the cluster member nodes. We think that such selection based on only 
one metric can generate some problems. For example an isolated vehicle having the smallest aggregate mobility 
value can be selected as a CH. Consequently, the generated clusters can be redundant. We observe that the previous 
mentioned clustering algorithms do not take into consideration the safe distance between a delegated CH and its 
adjacent front neighbour (situated in the same lane). Consequently, a CH may be selected although it is situated at a 
critical distance from the front vehicle, which could generate collisions. Consequently the cluster topology is 
damaged a re-clustering is necessary. Our contribution is to extend these previous algorithms by solving these 
inefficiencies.  
 In the remainder of this paper, Section 2 presents scenarios, network model and assumptions. Clustering metrics 
are given in Section 3. Section 4 presents cluster connectivity. Conclusions and road map are given in Section 5. 
2. Scenarios, network models and assumptions 
2.1. Scenario 
We considered an urban scenario with an Intelligent Transportation System (ITS), in which vehicles request and 
receive information from Base Stations (BSs) or from other vehicles. The vehicles can get information to avoid 
accidents by receiving road warnings, reduce congestion, update local maps, and provide entertainment (web 
browsing, email, media streaming). All the vehicles are equipped with Global Position System (GPS) or Navigation 
System (NS). 
The local servers gather information of the road conditions, and start to disseminate information messages to the 
vehicles and address the traffic light system. In case of an emergency such as an accident, a driver’s bad health or a 
police chase, the information is disseminated among vehicles, and the ambulance and the traffic light system close 
to the affected area starts to divert traffic in order to avoid vehicular congestion on the road. 
2.2. Node priority aggregation 
VANET connects the on board units (OBU) of the vehicles with other OBUs and with the fixed communication 
devices on the road such as base stations (BS).  In our proposed metrics, we consider some important factors such as 
the relative velocity, the overall average absolute distance between vehicles and the safe distance between a 
proposed CH and its adjacent (leader) vehicle. The number of vehicles in a street or highway within a CH 
communication range forms a cluster and represents the size of the cluster. Within each cluster a vehicle should be 
designated as CH.  Clustering techniques are usually employed in VANETs to reduce resources consumption and 
improve the efficiency of the network. Vehicles have specific role in clustering and only a few of them chosen as 
clusterheads carry or transmit packets of data. Thus, once vehicles are placed inside a cluster it is very important to 
select a CH. As defined in3, if we consider a two-lane highway system, vehicles in the right lane can be considered 
as CH candidates. If we consider a three-lane highway system, all the vehicles in the middle lanes are considered as 
CH candidates. In the case of a four lane highway system, vehicles in any one of middle two lanes can be considered 
as CH candidates.) Vehicles in other lanes say in the first and third lanes lose the election if there is any vehicle in 
the middle lane, otherwise vehicles in the first lane or third lane can be CH candidates. 
3. Clustering metrics 
In our system, each node broadcast its mobility information, average velocity to its neighbors through HELLO 
packets with the following format: Node Id, Average Velocity, Location, Direction. 
3.1. Network connectivity 
The degree of the velocity difference among neighboring vehicles is the key issue for constructing relatively 
stable clustering topology. The neighborhood relationship is built using the position information embedded in the 
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periodic messages broadcasted by vehicles5. Vehicles broadcast their current state to all other nodes within their 
transmission range r. Therefore, two vehicles i and j are considered r-neighbors if the distance between them is less 
than r. This defines the degree of the node. Consequently, we define the neighborhood ௜ܰ of a node ݅  as follows: 
௜ܰ ൌ ൛݆ǡ ݏݑ݄ܿݐ݄ܽݐܦ௜ǡ௝ ൏ ݎൟ                                               (1) 
where ܦ௜ǡ௝is the measured average distance between vehicles i and j.  
Based on this definition, we derive another term called the nodal degree for node i (݀݁݃௜), which is defined as the 
total number of r-neighbors. Since clusters are formed by vehicles traveling in the same direction, all r-neighboring 
vehicles traveling in the opposite direction are not considered. Therefore, all r-neighboring nodes used in our 
analysis are limited to those vehicles traveling in the same direction, situated in any lane and calculated as follows:  
݀݁݃௜ ൌ ȁ ௜ܰȁ                                                                       (2) 
The node degree of a node ݅is deduced as the cardinality of the set ௜ܰ.  
3.2.  Average velocity difference 
In every time interval, each vehicle will have information about all vehicles within its communication range and 
hence will calculate its average velocity difference ܽݒ݀௜  from all other vehicles as: 
ܽݒ݀௜ ൌ ଵȁே೔ȁ σ หݒ௝ െ ݒ௜ห
ȁே೔ȁ௝ୀଵ
௝ஷ௜
                                                                                  (3) 
where j is a potential neighboring vehicle, andݒ௜, ݒ௝ are the velocity of vehicle i and j respectively in m/s. The node 
can obtain its velocity via a commercial navigation service, such as Garmin Traffic7. 
3.3. Relative velocity 
The relative mobility of the node with its neighbours, means how long these neighbors node have spent their 
time beside this node. A lower relative velocity simply means that the neighbors of a certain node have spent a 
longer time in its transmission range. Consequently,  we can conclude that the mentioned node has a more stable 
situation. The relative velocity of a node i is calculated as follows: 
ݎݒ௜ ൌ ܽݒ݀௜Ȁݒ௜                                                            (4) 
The overall average relative velocity ܽݎݒ௜ between vehicles that are directly connected to vehicle i is defined as: 
ܽݎݒ௜ ൌ ଵȁே೔ȁ σ ݎݒ௜
ȁே೔ȁ௝ୀଵ
௝ஷ௜
                                                                                  (5) 
The smaller the value of ܽݎݒ௜ , the closer the velocity of the node to the average velocity of its neighbors. 
3.4. Average distance   
 Each node will check its own mobility information and get its location at every time interval ᇞ ܶ. To measure 
distances, we apply the same strategy adopted in8, where the authors observed that although node position should be 
represented by x-coordinate and y-coordinate, their study assumes the trajectory of all vehicular nodes is a straight 
line, as the lane width is small. Thus, the y-coordinate can be ignored. We denote the positions of vehicles ݅and ݆ as 
ݔ௜ and ݔ௝, respectively. Consequently, the absolute distance between a vehicle j that is directly connected to vehicle i 
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is calculated as follows: 
ܦ௜ǡ௝ ൌ หݔ௝ െ ݔ௜ห                                                                               (6) 
The overall average absolute distance ܽ݀௜  between vehicles that are directly connected to vehicle  i is defined as:  
ܽ݀௜ ൌ σ ܦ௜ǡ௝ȁே೔ȁ௝ୀଵ Ȁȁ ௜ܰȁ                                                         (7)  
where j is any vehicle connected to ith vehicle, and ௜ܰ is the total number of vehicles that are directly connected to  
vehicle i and which are situated in any lane. The smaller the value of ܽ݀௜ , the closer the position of the node to the 
center of its neighbors.  
4. Cluster connectivity  
    We are motivated by the results provided by Dekker and Colbert in9, who investigate the robustness of network 
topologies using graph-theoretic concepts. They assess robustness according to the traffic levels induced in the 
network by node failures. They argue that ”node connectivity” is the most useful metric in graph theory to study the 
robustness problem. Consequently, our contribution is to investigate new metrics to provide robustness in VANETs 
and new mechanisms to assure node connectivity.  
We are also motivated by10, where the authors mentioned that the inter-vehicle spacing within a cluster ought to be 
long enough to ensure a safe manoeuvre for the follower in case of the leaders abrupt braking. The safe distance is 
the minimal inter-distance which allows two vehicles to be in safety condition while they are moving in case they 
would apply braking at their maximal capacities11. Our next contribution is to determine time gap interval of safety 
distance to the following vehicle to avoid rear-end collision and prevent the damage of cluster topology. All 
mentioned contributions tend to provide robustness in VANETs and assure node connectivity. To make clear cluster 
connectivity, we state the following definitions: 
Definition 1: There are two concepts of connectivity for a graph which can be used to model network robustness9: 
x The node connectivity k is the smallest number of nodes whose removal results in a disconnected or single-
node graph. 
x The link connectivity λ is the smallest number of links whose removal results in a disconnected graph. 
Definition 2: Edges of a cluster are the edges between nodes that are members of the cluster12. 
Definition 3: A graph is cluster-connected if it satisfies the following two conditions12: 
1. The union of the clusters covers the whole graph. 
2. For a connected graph, there is a path from each node to every other node through the edges of the clusters 
in the graph. 
 
We are interested to find an alternative node (link) quality parameter based on the estimated duration of 
connectivity between two neighboring nodes. 
4.1. Link connectivity 
In13, it was stated that for safety reasons, the front displacement distance between the vehicles or relative position 
(݀௥௘௟) is equal to: 
݀௥௘௟ ൌ ݔ௜ାଵ െ ݔ௜ ൌ ܦ௜ǡ௜ାଵ ൒ ͵ݒ௜ ൈ ݐ                                                                                             (8) 
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whereis constant and assumed to be 1 as declared in13. Vehicle ሺ݅ ൅ ͳሻ is the leader vehicle of this chain and 
Vehicleሺ݅ሻ - the follower one (Fig.1). In this paper, we use safe distance instead of relative distance. So we extend 
(8), as follows:   ݀௥௘௟ ൌ ݀ݏ݂ܽ݁ ൌ ݔ௜ାଵ െ ݔ௜ ൌ ܦ݅ǡ݅൅ͳ ൒ ͵ݒ݅ ൈ ݐ ൌ ͵ݐݒ݅ ֞ 
݀௦௔௙௘ ൌ ܦ௜ǡ௜ାଵ ൒ ߚݒ௜     ,    ߚ ൌ ͵ݐ                                                               (9)            
ߚ- is input user coefficient which can be tuned to accommodate other selection parameters (such as climatic factors). 
 
 
 
 
 
 
 
Fig. 1. vehicle positions. 
Our contribution is to favorize delegated CHs which are situated in a safe distance and prevent those which are 
situated in a critical distance at the front vehicle. CH situated in a critical distance at the front vehicle can create 
collisions which perturbs its role and triggers a re-clustering process.   
4.2. Link connectivity duration 
Motivated by results provided in14, we introduce the link connectivity duration between the ith (back) and (i+1)th 
(front) vehicle, which can be formulated as given in the following equation: 
ܿ௜ǡ௜ାଵ ൌ ஽೔ǡ೔శభ௩೔                                                                                (10)         
Corollary 1: A vehicleሺ݅ሻ is considered at a safe distance from the leader ሺ݅ ൅ ͳሻ, if its connectivity duration is as 
long as possible and verifies the following inequality: 
ܿ௜ǡ௜ାଵ ൒ ߚ                                                                           (11) 
Proof 
Based on (9), we have ܦ௜ǡ௜ାଵ ൒ ߚݒ௜ ֞ ஽೔ǡ೔శభ௩೔ ൒ ߚ ֞ ܿ௜ǡ௜ାଵ ൒ ߚ            ■ 
Observation 1:  In our system, (11) is link criticality and represents a measure of the robustness of the link to 
environmental changes. Starting from this inequation, we call Ⱦ- critical connectivity duration coefficient. We 
should give priority to vehicle node with the bigger critical time to delegate it as a CH. 
Observation 2: In order to assure the safe coefficient inequality, we should increase the inter-distance between the 
leader and the front vehicle and decrease the leader’s velocity, which is a real fact.   
Observation 3: In15, the authors assumed that when a vehicle receives  a warning message, it will immediately 
ݒ݄݁௜  
ݒ݄݁௜ିଵ 
ݒ݄݁௜ାଵ 
ݒ݁ ௝݄  
݈ܽ݊݁ͳ ݈ܽ݊݁͵ ݈ܽ݊݁ʹ 
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perform breaking after a certain reaction time. Given a pair of vehicles (݅ǡ ݆), the authors define the braking distance 
of each vehicle as follows: 
݀௕ ൌ ݒ௜ݐ௥ ൅ ௩೔
మ
ଶఈ                                                                   (12) 
where ߙ is the maximum deceleration, ݐ௥ is the reaction time of the driver and verifies (13), where x is a positive 
integer value: 
ݐ௥ ൌ ൜ݔǡ ݊݋݀݁݅ݏݏ݁݊݀݁ݎͲǡ ݊݋݀݁݅ݏݎ݁ܿ݁݅ݒ݁ݎ                                                                                                                              (13) 
    
  
   
                     braking distance (݀௕ሻ      critical distance              
 Fig. 2. distances clarification. 
The distances ܦ௜ǡ௜ାଵܾ݀ are depicted in Fig.2. The braking distance is done during the interval time [t1, t2] . We 
assume here that the velocity of the front vehicle j did not change in [t1, t2]. We are motivated to evaluate the critical 
distance. For this purpose, we compare  ܦ௜ǡ௜ାଵܾ݀Ǥ  
Corollary 2: The critical ratio is calculated as follows: 
ௗ್
஽೔ǡ೔శభ
൑ ଵఉ ሺݐ௥ ൅
௩೔
ଶఈሻ                        (14) 
Proof 
ቐ
ܦ௜ǡ௜ାଵ ൒ ߚݒ௜
݀௕ ൌ ݒ௜ݐ௥ ൅
ݒ௜ଶ
ʹߙ
֞൝
ܦ௜ǡ௜ାଵ ൒ ߚݒ௜
݀௕ ൌ ݒ௜ ቀݐ௥ ൅
ݒ௜
ʹߙቁ
֞൞
ܦ௜ǡ௜ାଵ ൒ ߚݒ௜
ݒ௜ ൌ
݀௕
ݐ௥ ൅ ݒ௜ʹߙ
֜ܦ௜ǡ௜ାଵ ൒ ߚ
݀௕
ݐ௥ ൅ ݒ௜ʹߙ
֞ ݀௕ܦ௜ǡ௜ାଵ ൑ 
ݐ௥ ൅ ݒ௜ʹߙ
ߚ ֞
݀௕
ܦ௜ǡ௜ାଵ ൑
ͳ
ߚ ቀݐ௥ ൅
ݒ௜
ʹߙቁሁ 
Observation: A special case of (14), when the following equality is verified and which represents the probability of  
collision: 
ௗ್
஽೔ǡ೔శభ
ൌ ଵఉ ቀݐ௥ ൅
௩೔
ଶఈቁ                                                                                (15) 
4.3. Utility function 
The values ݎݒ௜ , ܽ݀௜  and ܥ௜ǡ௜ାଵ should be calculated for each vehicle and the vehicles within  its transmission 
range. Based on our previous formula, we calculate our combined weight ࢃ࢏ as follows: 
௜ܹ ൌ ݓଵܽݒ݀݅൅ݓଶܽݎݒ݅൅ݓଷܽ݀݅൅ݓସܿ݅ǡ݅൅ͳ                                                                                               (16) 
Here, ݓଵǡݓଶǡ ݓଷ ܽ݊݀ݓସare the weighing factors for the corresponding system parameters, such thatݓ૚ ൅ ݓ૛ ൅
ݓ૜ ൅ ݓ૝ ൌ ͳ. 
This combined weight should be calculated for each vehicle node. The node with the least weight is selected as a 
CH.  
actual distance ( ܦ௜ǡ௜ାଵሻ 
ݒ௜ ݒ௜ 
ݒ௝ 
ݒ௝ 
ݐଶ 
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5. Conclusions and road map   
We have considered the problem of constructing a theoretical framework for dynamicly organizing vehicular 
mobile nodes in VANETs into clusters where it is necessary to provide robustness in the face of topological changes 
caused by node motion, node failure and node insertion/removal. In this paper, we have proposed schemes to extend 
previous works, and we have also mathematically derived  a new clustering safe scheme, which is considered as new 
mechanism to overcome some inefficiencies detected in some vehicular clustering algorithms presented in literature.   
We are in the initial steps of developing solutions for vehicular ad hoc networks using network connectivity. We 
are currently investigating the design of a robust clustering algorithm for VANETs using the node and link cluster 
metrics which have been discussed in this paper.   
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